
Physics 12 synthesizes and builds on the knowledge and skills that you have acquired in previous
courses, establishing a base for further studies in science, engineering, and many related fields. Here
is a glimpse of how Physics 12 will guide you as you experience the ever-expanding field of physics.
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I N T R O D U C I N G

You use products and have many experiences based on the
concepts presented in Unit 3, Electric, Gravitational, and
Magnetic Fields — your television projects a clear, colourful
picture; an amusement park ride safely slows your descent
without any effort on your part; electric motors run many
appliances and tools that you use.

In Unit 1, Forces and Motion: Dynamics, you will examine
dynamics as a way of explaining and predicting the motion
of objects by analyzing the forces that act on them. How is 
it possible to predetermine the release point of emergency
food supplies dropped from a plane so that they will land 
in an accessible spot? What forces prevent a vehicle from
sliding off the road when it turns a corner? Answers to 
these questions depend on a knowledge of dynamics.

Unit 4 provides an in-depth study of the wave nature of
light. You will investigate how light, one form of electromag-
netic radiation, behaves like a wave. Electromagnetic 
radiation transports the Sun’s energy to Earth, enables 
cellphone conversations, and beams pictures of an event
on the other side of the world into your home. 

Formula One drivers sometimes walk away from dramatic
collisions that destroy their vehicles; this happens as a
result of improved automotive safety features that are
based on a knowledge of momentum and the transforma-
tion of energy. In Unit 2, by examining momentum, you will
learn how accident investigators analyze car crashes and
how the controlled transfer of thermal energy (heat) 
powers everything from motorcycles to rockets.

OVERALL EXPECTATIONS

ANALYZE, predict, and explain the motion of selected 
objects in vertical, horizontal, and inclined planes.

INVESTIGATE, represent, and analyze motion and 
forces in linear, projectile, and circular motion.

RELATE your understanding of dynamics to the 
development and use of motion technologies.

UNIT CONTENTS

CHAPTER 1 Fundamentals of Dynamics 

CHAPTER 2 Dynamics in Two 
Dimensions

CHAPTER 3 Planetary and Satellite  
Dynamics

UNIT

1
Forces and Motion: 
Dynamics

2

Spectators are mesmerized by trapeze artists
making perfectly timed releases, gliding

through graceful arcs, and intersecting the paths of
their partners. An error in timing and a graceful arc
could become a trajectory of panic. Trapeze artists
know that tiny differences in height, velocity, and
timing are critical. Swinging from a trapeze, the 
performer forces his body from its natural straight-
line path. Gliding freely through the air, he is 
subject only to gravity. Then, the outstretched hands
of his partner make contact, and the performer is
acutely aware of the forces that change his speed
and direction.

In this unit, you will explore the relationship
between motion and the forces that cause it and
investigate how different perspectives of the same
motion are related. You will learn how to analyze
forces and motion, not only in a straight line, but
also in circular paths, in parabolic trajectories, and
on inclined surfaces. You will discover how the
motion of planets and satellites is caused, described,
and analyzed.

Refer to pages 126–127 before beginning this unit.
In the unit project, you will design and build a
working catapult to launch small objects through
the air.
� What launching devices have you used, watched,

or read about? How do they develop and control
the force needed to propel an object?

� What projectiles have you launched? How do
you direct their flight so that they reach a 
maximum height or stay in the air for the 
longest possible time?

UNIT PROJECT PREP

3

Energy and Momentum
OVERALL EXPECTATIONS

DEMONSTRATE an understanding of work, energy, 
impulse, momentum, and conservation of energy 
and of momentum.

INVESTIGATE and analyze two-dimensional situations 
involving conservation of energy and of momentum.

DESCRIBE and analyze how common impact-absorbing 
devices apply concepts of energy and momentum.

UNIT CONTENTS

CHAPTER 4 Momentum and Impulse

CHAPTER 5 Conservation of Energy

CHAPTER 6 Energy and Motion 
in Space

UNIT

2

134

The motion of water, subjected to 4000 kPa of
pressure, has sufficient energy to cut through

steel. The motion of electrically charged particles,
propelled at speeds in excess of 3.0 × 104 m/s, could
provide the energy needed to power space probes 
in the near future. In the small photograph of an
experimental ion engine, the blue glow is composed
of electrically charged ions of xenon gas, travelling
at speeds in excess of 3.0 × 104 m/s. An ion engine
emits even smaller high-speed particles than a
water-jet cutting tool.

In this unit, you will build on previous studies 
of energy to include another concept: momentum.
Momentum considers the amount of motion in an
object and the effect of moving objects — large or
small, solid, liquid, or gas — on each other. You 
will use the concepts of energy and momentum to
analyze physical interactions, such as collisions 
and propulsion systems. You will also examine 
two great theoretical foundations of physics: the 
law of conservation of momentum and the law of
conservation of energy.
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Refer to pages 262–263 before beginning this unit.
In this unit project, you will create a presentation
that explores the importance of scientific theories.
� What theories do you already know that are

helpful in analyzing changes in the motion of 
an object?

� In what career fields are ideas, principles, or
mathematical techniques used to analyze the
motion and interactions of objects?

UNIT PROJECT PREP
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OVERALL EXPECTATIONS

DEMONSTRATE an understanding of the principles 
and laws related to electric, gravitational, and 
magnetic forces and fields.

INVESTIGATE and analyze electric, gravitational, 
and magnetic fields.

EVALUATE the impact of technological developments 
related to the concept of fields.

UNIT CONTENTS

CHAPTER 7 Fields and Forces 

CHAPTER 8 Fields and Their 
Applications

UNIT

3
Electric, Gravitational, 
and Magnetic Fields

What is it about “black holes” that stretches
the imagination to the limit? Is it that black

holes, such as the artist’s conception here, defy 
reason because both matter and energy seemingly
disappear into nothingness? 

A major part of understanding the black hole 
phenomenon lies in the characteristics of fields,
regions of space over which a force seemingly acts
at a distance. You are already familiar with everyday
forces that act in this manner — gravity, magnetism,
and electricity. Based on straightforward laboratory
studies, you can begin to answer such questions as:
“How are these fields formed? How are they related
to each other? 

Recent research indicates, for example, that 
black holes are points with almost infinite mass.
The gravitational field generated by the enormous
mass is so strong that not only objects but even 
light passing within range can never escape. 

This unit provides an examination of the proper-
ties of electric, gravitational, and magnetic fields. 
As our understanding of fields increases, so to do
the technological applications that use fields. You
will study the fundamental properties of fields, 
how civilization has harnessed this knowledge, 
and consider possible directions for future research.

Refer to pages 370–371. In this unit project you 
will prepare a report and a debate on particle 
accelerators and relevant research.
� How can you use electric and magnetic fields to

accelerate charged particles to very high speeds?
� What are the costs and benefits to society of 

the research into particle accelerators and the
application of the knowledge gained?

UNIT PROJECT PREP

271

378

OVERALL EXPECTATIONS

DEMONSTRATE an understanding of the wave model 
of electromagnetic radiation.

PERFORM experiments relating to the wave model of 
light and applications of electromagnetic radiation.

ANALYZE light phenomena and explain how the wave 
model provides a basis for technological devices.

UNIT CONTENTS

CHAPTER 9 Wave Properties of Light 

CHAPTER 10 Electromagnetic Waves

UNIT

4
The Wave 
Nature of Light

Is there life beyond Earth? It seems inconceivable
that life has formed only on this planet, yet there

is no direct evidence that there is life outside our
own solar system. If civilizations exist in space,
might they be discovered by electromagnetic 
radiation monitoring from here on Earth?

The Search for Extraterrestrial Intelligence (SETI)
program, a range of research projects dedicated to
the search for intelligent life beyond Earth, is inves-
tigating this possibility. Using the world’s largest
radio telescope, located in Arecibo, Puerto Rico
(shown in the photograph), the sky is scanned
around the clock for non-natural electromagnetic
signals. SETI research projects attempt to answer
questions, such as: How many stars might have
planets? And of those planets, how many have 
environments that could support life?

Developing an understanding of electromagnetic
radiation has provided modern civilization with a
powerful communication tool. This unit will intro-
duce the theoretical framework that predicted the
existence of electromagnetic waves, how these
waves (including light) are produced and detected,
their properties, and some applications in modern
society.
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Refer to pages 454–455. In this unit project, you 
will have the opportunity to build and test an 
FM transmitter.
� How will an understanding of a wave model 

for electromagnetic radiation help you to 
understand FM transmission?

� What properties of electromagnetic waves will
be easiest to verify using your transmitter?

UNIT PROJECT PREP



In Unit 5, Matter-Energy Interface, you will explore the 
challenges of modern physics based on the work of 
scientists such as Albert Einstein and Niels Bohr. Does time
really slow down when an object travels close to the speed
of light? What causes some atoms to experience nuclear
decay? Can light be modelled as a particle? What is a
quark? The answers to these questions are explored 
in Unit 5.

462

The turn of the twentieth century was a time of
excitement and turmoil in science. In 1888,

Heinrich Hertz demonstrated the existence of radio
waves and then, in 1895, Wilhelm Conrad Röntgen
discovered X rays. The following year, Antoine
Henri Becquerel discovered radioactivity and, a 
year later, J.J. Thomson discovered the electron.
Then, Philipp Lenard observed the photoelectric
effect in which light ejected electrons from metals.

Along with these discoveries came a number of
puzzles. How could radioactive substances emit
radiation without any apparent source of energy?
Why could only certain colours of light eject 
electrons from metals? For nearly 50 years, spectro-
scopists wondered why each element gave off a
unique spectrum of light. Since light crossed the
vacuum of space between Earth and the stars, physi-
cists assumed that a substance called “luminiferous
ether” must exist to carry light waves. However, all
attempts to detect Earth’s motion through it failed.

In this unit, not only will you learn more about
the discoveries of some of the most outstanding 
scientists who ever lived, but also you will learn the
answers to some of the questions that baffled them.

OVERALL EXPECTATIONS

DEMONSTRATE an understanding of the basic concepts of 
Einstein’s special theory of relativity and of the development 
of models of matter that involve an interface between matter 
and energy, based on classical and early quantum mechanics.
INTERPRET data to support scientific models of matter and conduct 
thought experiments as a way of exploring abstract scientific ideas.
DESCRIBE how the introduction of new conceptual models and 
theories can influence and change scientific thought and lead 
to the development of new technologies.

UNIT CONTENTS

CHAPTER 11 Special Theory of Relativity 

CHAPTER 12 Quantum Mechanics 
and the Atom

CHAPTER 13 The Nucleus and 
Elementary Particles

UNIT

5
Matter-Energy  
Interface

Refer to pages 590–591 before beginning this unit.
In this unit project, you will examine the parallels
between scientists and their theories with societal
pressures and realities.
� Revisit the time line on page xiv and try to

remember some significant societal events that
took place during the years represented.

� How closely tied do you think scientific research
is to societal pressures?

UNIT PROJECT PREP
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Following Unit 5, you will find the Physics Course Challenge,
Scanning Technologies — Today and Tomorrow. You will
apply your skills of inquiry, communication, and analysis to
make connections among science, technology, society, 
and the environment. Your participation in the Course
Challenge project will provide you with new insight into 
an ever-advancing, sometimes controversial technology.

Physics Course Challenge

Watch for Course Challenge cues in the margins as you
progress through the textbook. These cues will help you 
to plan in advance for the Course Challenge, by triggering
your thought processes on the subject, pointing out relevant
avenues of research, and identifying specific course topics.

pp g
2.0 m? 

(b) If the plane has a coefficient of kinetic 
friction of 0.20, what is the speed of the
block after slipping a distance of 2.0 m?

60. (a) Given Earth’s radius (6.38 × 106 m) and
mass (5.98 × 1024 kg), calculate the escape
velocity from Earth’s surface.

(b) What is the escape velocity for a satellite
orbiting Earth a distance of 2.00 Earth radii
from Earth’s centre?

(c) How far away do you have to travel from
Earth so that the escape velocity at that
point is 1% of the escape velocity at Earth’s
surface? Answer in metres and in Earth
radii.

61. A projectile fired vertically from Earth with an
initial velocity v reaches a maximum height of
4800 km. Neglecting air friction, what was its
initial velocity? 

62. An amateur astronomer discovers two new
comets with his backyard telescope. If one
comet is moving at 38 km/s as it crosses Earth’s
orbit on its way toward the Sun and the other
at 47 km/s, calculate whether each orbit is
bound or not.

63. You want to launch a satellite into a circular
orbit at an altitude of 16 000 km (above Earth’s
surface). What orbital speed will it have? What
launch speed will be required?

g p gy
of the Earth-Moon system. (Assume that
their mean separation is 3.84 × 108 m.) 

(b) Calculate the gravitational potential energy
of the Earth-Sun system. (Assume that their
mean separation is 1.49 × 1011 m.)

67. Proposals for dealing with radioactive waste
include shooting it into the Sun. Consider a
waste container that is simply dropped from
rest in the vicinity of Earth’s orbit. With what
speed will it hit the Sun?

68. A rocket is travelling 160 m/s[forward] in outer
space. It has a mass of 750 kg, which includes
130 kg of fuel. Burning all of the fuel produces
a thrust of 1300 N for 32 s. What is the new
velocity of the rocket? 

Scanning Technologies: Today and Tomorrow
Consider the following as you continue to build your
Course Challenge research portfolio.
� Add important concepts, equations, interesting and 

disputed facts, and diagrams from this unit.
� Review the information you have gathered in prepara-

tion for the end-of-course presentation. Consider any
new findings to see if you want to change the focus of
your project.

� Scan magazines, newspapers, and the Internet for 
interesting information to enhance your project.

COURSE CHALLENGE

You will probably be designing rubrics that your class will
use to assess your Course Challenge, so remember to
include criteria that will address all of the achievement 
categories: Knowledge/Understanding, Inquiry,
Communication, and Making Connections. As you 
work on the Challenge, remember to refer to the rubric 
that will be used to assess your presentation.

ASSESSMENT

the quality of your research
the accuracy and depth of your understanding
your presentation
other criteria you decide on as a class

After you complete this Course Challenge, you 
will be assessed on

This Course Challenge prompts you to examine
the costs and benefits of imaging technologies 
to both the scientific community and society. 
To help you get started, three fields of scanning
technology and some associated issues are 
presented here. 

Medical Issues
Doctors and politicians are often criticized when professional 
athletes gain access to magnetic resonance imaging (MRI) 
diagnosis immediately after sustaining an injury, while the general
public must often wait months. Questions arise about the real
expense of MRI equipment, its availability, and the value of the
results as compared to other methods. How does an MRI machine
work? What fundamental principles of nature does it exploit? 
Why is MRI scanning so expensive? Will the costs reduce with
time? Will the technology improve with time? Are there better,
less expensive options that should be pursued? Will this 
technology ever be made available to citizens of developing
nations? To develop an argument supporting continued use of and
research into MRI technology, you need to be able to answer these
and other questions.


